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HEXADECANE-INDUCED HYPERKERATINIZATION OF GUINEA
PIG SKIN
II. ARGINASE ACTIVITY IN NORMAL AND HEXADECANE-TREATED EPIDERMIS*
J. D. ROSSMILLER, M.Sc. AND W. G. HOEKSTRA, M.Sc., Pn.D.
Increased epidermal arginase activity has
been shown to occur in a number of human
skin diseases (1, 2). Up to 10-fold increases in
arginase activity were found in epidermal scales
of psoriatic patients compared to normal
stratum corneum.
The only known function of arginase is the
hydrolysis of arginine into urea and ornithine
as occurs in the hepatic Krebs-Henseleit urea
cycle. While arginase has also been found in
epidermis, kidney and testis, the function of
the extra-hepatic enzyme remains obscure.
Crounse and Rothberg were unable to demon-
strate the presence of arginine synthetase or
ornithine transcarbamylase in epidermis (3).
This would indicate that epidermal arginase is
not primarily involved in the formation of urea
from tissue ammonia.
Previous studies by this laboratory demon-
strated that n-hexadecane causes severe skin
damage when applied topically to guinea pigs
(4, 5). The condition is especially characterized
by a marked epidermal thickening and hyper-
keratization of the treated area. This technic
can be used for the experimental development
of hyperkeratosis and provides a convenient
tool for the study of biochemical changes associ-
ated with hyperkeratosis.
A study of the arginase activity of hexa-
decane-treated epidermis was undertaken to
determine if the activity of this enzyme was
also increased in this experimentally produced
hyperkeratosis and to attempt to determine a
possible function of the epidermal enzyme.
METHODS
Mature male guinea pigs were housed in in-
dividual screen cages and maintained on a com-
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mercial guinea pig ration and distilled water.
Animals were assigned to 8 lots, 3 animals per lot.
On the first day of the experimental period (day
1), all animals were clipped on both sides with a
small animal clipper. A 100 cm2 area of thc
right side of the animals in lots 2 through 8 was
treated with 1 ml of n-hexadecane delivered from
a fine-tipped pipet on days 1, 3 and 5. The left
side of each animal and animals in lot 1
served as untreated controls. Lots 1 through 8 were
killed, respectively, on the following days of the
experiment: 1, 2, 4, 6, 9, 12, 15 and 22. Visual
evaluation and scoring of the skin damage was done
on alternate days using the methods described by
Hoekstra (4).
In brief the skin characteristics grossly evalu-
ated, each on a scale of 0—5 were: (1) erythema,
(2) thickening, (3) hyperkeratinization, (4) des-
quamation or scaling, and (5) formation of fis-
sures or open lesions. Thus a total skin damage
score of 0—25 and hyperkeratinization scores of
0—5 were possible for each animal. The degree
of hyperkeratinization was determined visually
and by palpation. A score of 0 represented no
change from normal skin and a score of 5 rep-
resented a maximum change from the normal
condition which corresponds to approximately
an 8-fold increase in epidermal mass (5).
At the times the animals were killed, skia
samples were collected for arginase determina-
tions. Animals were re-clipped, shaved with an
electric razor, sacrificed, and the skin was re-
moved from both sides and placed on crushed ice.
All further manipulations were carried out in the
cold (50 C). Epidermal samples were collected(250 mg) using the stretch method and blunt-
dissection (5), placed in 5 ml ice cold 0.05 M
MuCh, homogenized with a ground glass homog-
enizer, and diluted to a volume of 10 ml in 0.05
M MnCI1.
A second experiment was carried out in a
similar manner; however the solubility of epi-
dermal arginase in deionized water and in 0.05
M MnCl1 was also determined. Epidermal tissue
was homogenized in 0.05 M MuCh or deionized
water and the homogenate centrifuged 15 min-
utes at 3600 X g. The supernate was decanted,
the pellet resuspended and centrifuged and the
washing combined with the first supernate. The
pellet was taken up in the appropriate solvent.
This procedure was shown to remove all the
readily extractable arginase. To insure consistent
Mn activation the water soluble and insoluble
samples were made .05 molar in Mn by the
addition of 125 M MnCl1.
In the latter stages of hyperkeratosis (i.e. day
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12 to the time of shedding) large scales of stratum
corneum can he plucked from the skin surface.
Previous histological studies showed that scales
of stratum corneum separate free from any of the
stratum granulosum at this stage of hexadecane-
induced hyperkeratinization. Scales from one ani-
mal on day 15 wore removed from an area of skin
about 4 cm2 by plucking, and the underlying basal
layers of epidermis were removed from the dermis
by blunt dissection. Arginase determinations were
carried out by the usual procedure on the two
epidermal fractions.
Arginase determinations were performed on the
homogenates using a modification of the photo-
metric procedure of Van Slyke and Archibald (6).
Incubations were for 15 minutes at 37.5° C. Urea
determinations were made using a procedure de-
scribed by Archibald (7). Mnt activation was
achieved by incubating the homogenates 1 hour
at 50° C.
A kinetic study was performed to determine the
reaction kinetics for the conditions employed.
RESULTS
Development of hyperkeratosis and skin eval-
uation. Topical hexadeeane application resulted
in the development of characteristic epidermal
proliferation and hyperkeratinization as previ-
ously described (4, 5). The results of visual skin
damage evaluation for experiment 1 are given in
Table I. Maximal skin damage, byperkeratosis,
and up to an S-fold increase in epidermal mass
per unit area occurred 9—12 days following
initial hexadeenne application (5). By 22 days
the hyperkeratotic epidermis was completely
shed.
Under the conditions of assay for arginase,
zero-order kinetics of urea formation were
found to hold for at least 25 minutes incubation
even with the most active samples. Thus for the
TABLE I
nay of Test Period
1 2 4 6 9 12 15 22
Average total
score5 (25 pos-
sible)
Hyperkeratosis
score* (5 pos-
sible)
Ot
Ot
3
0
5
.3
8
2
10
4
13
3
6
2
4
0
TABLE II
Arginase activity of hexadecane-treated and control
epidermis expressed as micromoles urea released
per 100 my dry weight of epidermal tissue
nay of
Experiment
Micromoles Urea Released in 15 Minutes
Non-activated
Homogenate
Control Hexade-cane-treated
Epidermis Epidermis
Mn-activated
Homogenate
Hexade-Control
Epidermis rane-treated
Epidermis
1
2
4
6
9
12
15
22
11±5*8±29±2
15±46±16±25±1
S 2
4± 317±3
92± 6
86±13
112±377±5
4 .3
25±8
18± 521±5
33± 11
18± 6
17± 315±7
21 7
16± 330±5
115± 5
112±16
130±4710±3
10 .4
* Values represent the mean of 3 determina-
tions standard error.
TABLE III
Arginase activity of hexadecane-treated and control
epidermis expressed as micromoles urea released
per cm2 skin surface
Micromoles Urea Released in 15 Minutes
Non-activated Mn-activated
Homogenate Homogenate
* Values represent the mean of 3 determina-
tions standard error.
standard 15 minute incubation all enzymatic
determinations were directly comparable.
A marked increase in epidermal arginase
activity accompanied the development of hyper-
keratosis in hexadeeane-treated guinea pigs
(Tables II and III). For the samples not pre-
incubated with Mn5 a 20-fold increase in en-
zyme activity was found in treated samples
compared to control samples from the same
Heaaderane- ControlControl treated EpidermssEpidermis Epidermis
nay of
Eaperiment
1
2
4
6
9
12
15
22Evaluation of total skin damage and hyperkeratosisfallowing hexadecane application
2 1*
2 .5
2 .54±1
2 .5
2 .5
1 .3
2 .7
2± 11±18± 1
59 9
48 11
80 38
2 .5
1 .5
ilexaderane-
treated
Epidermis
5± 25± 1
14 3
73 11
63 13
89 403±2
4 .5
5±14±15±18±35±25±14±26±2
* Sea reference 4.
t Figures are means for 3 animals.
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arginase activity of the control tissue 2.3—4.0
times and that of the treated tissue only 1.1—1.7
guinea pigs at 12 days after hexadecane appli-
cation. This coincides with the peak of epidermal
keratinization as evaluated visually.
The increased arginase activity of the treated
epidermis was primarily localized in the highly
keratinized outer layers rather than in the basal
layers. Highly keratinized epidermal scales from
an animal killed the 15th day of the experi-
ment contained the highest arginase activity of
any of the tissues assayed. Arginase activity of
this tissue expressed as 1emoles urea released
per 100 mg dry weight was 155 compared to 3.0
for the underlying basal epidermal layers.
Incubation of the epidermal homogenates in
0.05 M MnCL at 500 C for 1 hour increased the
times. Roberts found that various tissues re-
quired varying periods of time for maximum
arginase activation by Mn ion (8). It is con-
ceivable that the compact structure of the hy-
perkeratotie tissue hindered manganous ion
penetration and therefore activation. Alterna-
tively, two enzyme forms could be present,
only one of which is activated by Mn at 500 C.
A relative increase in the treated tissue of an
enzyme form which is not activated by Mn+*
at 50° could give the described results.
The solubility of epidermal arginase was
found to vary with the extracting medium and
the physical condition of the skin (Tables IV
and V). Five-hundredths molar MnCI2 extracted
up to 70% of the activity from control tissue
and 40% from highly keratinized tissue while
deionized water removed 42% and 18%, re-
TABLE IV
,Solubilily of epidermal arginase in 0.05 M MnC12
Values expressed as jtmoles urea released per
100 nzg fresh lissue
Day of
Experiment
Micromsles Urea Released in 15 Minutes
Control Epidermis
soluble Insoluble
Hexadecane-treated
Epidermis
soluble Insoluble
2
7
10
14
2±1*4± .4
7±.4
8±2
3±2
1±1
3±2
4±2
4± 2
47±16
23± 5
14± 5
3± 1
76±30
36±11
8± 3
* Values represent the mean of 3 determina-
tions std. error.
TABLE V
,Solubilily of epidermal arginase in deionized waler
expressed as microinoles urea released per
100 mg fresh lissue
Dayof
Experi-
ment
Micromoles Urea Released in iS Minutes
I
Control Epidermis I Hexaderane-treatedEpidermis
soluble Insoluble Soluble Insoluble
2
7
10
14
3±8*2±23±.3
4±1
6±22±25±.3
4±2
3±1
30±3
13±5
10±5
5±2
105±27
72±16
6± 2
spectively. The same pattern of increasing
arginase activity with time following hexadecane
application was found as with experiment 1.
DISCUSSION
A comparison of skin damage scores (Table
I) with arginase activity (Tables II and III) is
of interest. Whereas erythema was evident al-
most immediately and increased skin thickness
24—48 hours following hexadecane application,
hyperkeratosis was not grossly evident until
days 4—6 and did not reach a maximum until
days 9—12. Arginase activity increases followed
a pattern identical to that of hyperkeratosis.
No arginase response was measurable until day
4 after the initial treatment but by the 6th day
arginase activity had increased markedly. A
peak in activity was reached in 9—12 days and
then diminished rapidly as the hyperkeratotic
skin was shed. This increase in arginase activity
with the degree of keratinization agrees with
the report of Rothberg and Van Scott (2). In a
study of the arginase activity of a variety of
epithelial tissues ranging from mucus membrane
to plantar callus, these workers found a cor-
relation between arginase activity and the extent
of keratinization of the tissue.
A comparison of urea determinations on tis-
sue blanks indicated that the urea content of
highly keratinized treated epidermis was
slightly, but consistently, lower than that of
control tissue even though arginase activity
was much higher in the treated tissue. Although
a decreased level of tissue urea in treated epi-
dermis may be accounted for in part by an
* Values represent the mean of three deter-
minations std. error.
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increased vaseularity and more rapid diffusion
in the treated skin, it may also indicate that
the enzyme is not actively synthesizing urea
even though the enzyme level is high. This
would tend to support the supposition that the
urea cycle in epidermis is incomplete and not
active in urea formation from tissue ammonia
and CO, (3). Alternatively this could be a re-
flection of a lower level of free arginine in the
tissue to serve as enzyme substrate. Kirk has
reported a reduction in the free arginine con-
tent of hexadecane-treated epidermis (9).
Solubility data and the high enzyme activity
of keratinized scales relative to underlying tis-
sue indicates that arginase activity in the
treated epidermis is not associated primarily
with the basal or Malpighian layers. A much
larger proportion of the total activity was
extractable from control tissue than highly
keratinized tissue. If the activity resided pri-
marily in the unkeratinized layers, the per-
centage of extractable enzyme should he about
the same for treated and control tissue.
Since in this study increased arginase activity
accompanied epidermal hyperkeratinization but
did not precede it, increased activity of this
enzyme does not appear to be a specific causa-
tive agent of hyperkeratosis but is perhaps
associated with an enhanced nitrogen metabo-
lism. Further studies are required to elucidate
the role and significance of epidermal arginase.
5UMMARY
1. Topical application of hexadeeane to the
skin of guinea pigs resulted in a marked hyper-
keratotie response of the treated skin. Maximum
response was noted in 9 to 12 days after treat-
ment.
2. The arginase activity of control and hexa-
decane-treated epidermis was followed for a 3
week period following hexadeeane application.
Many-fold increases in arginase activity were
found to parallel development of hyperkeratosis.
The enzyme activity appeared to be associated
with the highly keratinized layers of the epi-
dermis.
3. A higher percentage of the total arginase
activity was extractable from control tissue
than from hyperkeratotie tissue.
4. Arginase from control epidermis showed a
greater response to manganous ion activation
than the enzyme from hyperkeratotie tissue.
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